- 1 - 



TITLE 

SHARED OPTICAL RING 
PROTECTION IN A MULTI -FIBER RING 

Priority is herewith claimed under 35 U.S.C. § 
119(e) from copending Provisional Patent Application 
Serial No. 60/213,171, filed June 22, 2000. The 
disclosure of that Provisional Patent Application is 
incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates generally to optical 
communications networks, and, in particular, to a failure 
tolerant Wavelength-Division Multiplexed (WDM) optical 
ring communications network. 

BACKGROUND OF THE INVENTION 
[0002] It is known to provide protection in ring 
communication networks against line failures and the like 
by equipping such networks with bypass equipment for 
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bypassing failed components and routing signals to their 
intended destinations. For example, some known four-fiber 
ring networks employ two "working" transmission paths to 
normally forward communications being exchanged between 
communication terminals of the network, and two 
"protection" paths to forward those communications in the 
event that a failure occurs in one or more of the 
"working" paths . At least one other prior art ring 
network employs only two communication paths to forward 
communications throughout the network during normal 
operating conditions, and in the event that one of those 
paths fails, the other path is employed as a backup to 
forward both its own transmission signals and those of the 
failed path. Some prior art networks are also equipped 
with equipment for enabling a "loopback" bypass 
configuration to be implemented in the event of a path 
failure, for enabling signals to be forwarded to intended 
destinations . 

[0003] Most prior art ring communication networks employ 
time-multiplexing techniques to time-multiplex channels, 
and perform switching between channels by rearranging time 
slots in a predetermined manner. In Wavelength-Division 
Multiplexed (WDM) networks, on the other hand, optical 
channel signals having respective wavelengths are 
multiplexed onto a single waveguide, and are demultiplexed 
such that each channel signal is individually routed to a 
predetermined destination. An example of one prior art 
WDM ring communications network that includes protection 
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equipment is depicted in Fig. la, and is identified by 
reference numeral 11. 

[0004] The network 11 of Fig. la includes optical 
add/drop multiplexer /demultiplexers (OADMs) 1, 3, and 5, a 
plurality of communication nodes (also referred to as 
terminals) 9a, 9b, and 9c, a plurality of switching 
modules 2, 6, and 4, a plurality of working communication 
links la-la." , 7b-7b", and a plurality of protection 
communication links 8a-8a", 8b-8b". The switching modules 
2 and 6 are coupled together through the links 7a', 7b', 
8a', and 8b', the switching modules 4 and 5 are coupled 
together through links 7a", 7b", 8a", and 8b", and 
switching modules 2 and 4 are coupled together through 
links 7a, 7b, 8a, and 8b. 

[0005] Referring also to Fig. lb, a block diagram is 
shown of an OADM 1' and a switching module (SM) that is 
coupled to the OADM 1'. The OADM 1' of Fig. lb represents 
individual ones of the OADMs 1, 3, and 5 of Fig. la, and 
the switching module (SM) of Fig. lb represents in further 
detail individual ones of the modules 2, 4, and 6 of Fig. 
la. The switching module (SM) includes a 6X6 optical 
switch (S) that is coupled to the OADM 1', and electrical 
variable optical attenuators (EVOAs) El and E2 that are 
interposed between the OADM 1' and switch (S). The switch 
(S) has a plurality of inputs (I), each of which is 
coupled to a corresponding communication link from Fig. 
la, and also has a plurality of outputs (0), each of which 
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is coupled to a corresponding communication link from Fig. 
la. 

[0006] During normal operating conditions (i.e., in cases 
where the working links 7a-7a", 7b-7b" are functioning 
properly), the switch (S) of each module 2, 4, 6 is 
maintained in a configuration that enables the terminals 
9a-9c to communicate with one another through the OADMs 1, 
3, 5, the modules 2, 4, 6, and the working communication 
links 7a-7b". However, during cases in which one or more 
of the working links 7a-7b" fail(s), then the switches (S) 
of the modules coupled to those links are configured to 
enable the failed links to be bypassed, and to enable 
signals to be exchanged between the terminals 9a-9c by way 
of selected ones of the protection links 8a-8b" . 

[0007] It would be desirable to provide a network having 
other types of configurations for providing span and/or 
ring (i.e., loopback) protection against network component 
failures. It would also be desirable to provide a network 
in which minimal signal losses are incurred during bypass 
operations, without requiring a large number of amplifiers 
and without incurring a narrowing of available bandwidth. 

SUMMARY OF THE INVENTION 

[0008] It is a first object of this invention to provide 
an optical ring communications network which provides 
protection against network component failures. 
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[0009] It is a another object of this invention to 
provide an improved optical line node for a network, 
wherein the optical line node protects against network 
component failures. 

[0010] It is a further object of this invention to 
provide an optical communications network which protects 
against network component failures while minimizing signal 
losses, bandwidth reduction, and the number of amplifying 
components employed. 

[0011] Further objects and advantages of this invention 
will become apparent from a consideration of the drawings 
and ensuing description. 

[0012] The foregoing and other problems are overcome and 
the objects of the invention are realized by a method for 
protecting against component failures in an optical ring 
communications network, and an optical ring communications 
network that operates in accordance with the method. In 
accordance with one embodiment of the invention, the 
optical ring communications network comprises a plurality 
of first (primary), "working" communication paths, a 
plurality of second (secondary), "protection" 
communication paths, and a plurality of nodes. Adjacent 
ones of the nodes are preferably coupled together through 
at least one of the first communication paths and at least 
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one of the second communication paths, and preferably form 
a ring configuration. 

[0013] In accordance with one embodiment of this 
invention, each node preferably comprises a first switch 
and a second switch, each of which has a first terminal 
coupled to an end of at least one respective first 
communication path, a second terminal coupled to an end of 
at least one respective second communication path, a third 
terminal, and a fourth terminal. The third terminal of 
the first switch is preferably bidirectionally coupled to 
the third terminal of the second switch through at least 
one third communication path, and each first and second 
switch is preferably a 4X4 optical switch. 

[0014] Each node of the network also preferably comprises 
at least one multiplexer/demultiplexer (MUX/DEMUX) device 
that is bidirectionally coupled to an external 
communication node (such as a node operating in accordance 
with the Asynchronous Transfer Mode (ATM) or the Internet 
Protocol (IP) (e.g., an ATM switch or IP router), or a 
node of the Synchronous Optical Network (SONET)), and to 
the fourth terminal of each first and second switch. The 
MUX/DEMUX device may include, for example, an optical 
add/drop multiplexer/demultiplexer (OADM) device or a 
plurality of multiplexers and demultiplexers 
interconnected within optical line terminals (OLTs) of the 
node. Preferably, the MUX/DEMUX device is a Wave- 
Division-Multiplexed (WDM) device, and operates by 
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forwarding signals through the node by way of the third 
terminals of the first and second switches, and by 
forwarding signals that are communicated between the 
external communication node and another network node by 
way of the fourth terminal of individual ones of the first 
and second switches . 

[0015] Preferably, each node of the optical ring network 
also comprises at least one controller that is coupled to 
the first and second switches. The controller is 
responsive to applied input information indicating that a 
failure has occurred in at least one of the first 
communication paths for controlling at least one of the 
first and second switches. Such control causes that at 
least one switch to be placed in a configuration which 
enables the failed path(s) to be bypassed, and a bypass 
communication path to be established for forwarding 
signals to their intended destinations. Span or ring 
("loopback") switching configurations can be implemented, 
depending on whether only a first communication path 
fails, or both first and second communication paths fail. 

[0016] The input information applied to the controller 
may be generated in response to a monitor within the node 
detecting a failure in one or more communication paths, or 
may be generated in a similar manner within another node 
of the network, in which case the generated information is 
provided from that other node to the controller by way of 
one of the communication paths . 
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[0017] In accordance with other embodiments of the 
invention, other types of switches are employed in lieu of 
4X4 switches, such as, for example, 1X2 switches or both 
1X3 switches and 2X3 switches, and appropriate switching 
arrangements are carried out in response to failures being 
detected in communication paths of the network, for 
bypassing the failed network component ( s ) . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above set forth and other features of the 
invention are made more apparent in the ensuing Detailed 
Description of the Preferred Embodiments when read in 
conjunction with the attached drawings, wherein: 

[0019] Fig. la shows a block diagram of an optical ring 
communication network that is constructed in accordance 
with the prior art, and which is optically coupled to a 
plurality of communication nodes; 

[0020] Fig. lb shows a block diagram of an optical 
add/drop multiplexer (OADM) coupled to a switching module, 
in accordance with the prior art; 

[0021] Fig. 2, shows an optical ring communications 
network that includes nodes constructed and operated in 
accordance with this invention; 
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[0022] Fig. 3 shows in further detail a construction of 
an individual node of the network of Fig. 2, in accordance 
with one embodiment of this invention; 

[0023] Figs. 4a-4d are a logical flow diagram depicting a 
method in accordance with one embodiment of this 
invention; 

[0024] Fig. 5 shows in further detail a construction of 
an individual node of the network of Fig. 2, in accordance 
with another embodiment of this invention; and 

[0025] Fig. 6 is a logical flow diagram depicting a 
method according to another embodiment of this invention; 

[0026] Fig. 7 shows in further detail a construction of 
an individual node of the network of Fig. 2, in accordance 
with a further embodiment of this invention; and 

[0027] Fig. 8 shows a portion of an individual node of 
the network of Fig. 2. 

[0028] Identical portions of the various figures have 
been identified with the same reference numerals in order 
to simplify the description of the present invention. 
Components having similar purposes have been designated 
using the same reference numerals with at least one prime 
added. 
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OF THE PREFERRED EMBODIMENTS 



[0029] Fig. 2 illustrates a block diagram of an optical 
ring communication network 10 that is suitable for 
practicing this invention. In accordance with a preferred 
embodiment of this invention, the network 10 comprises a 
plurality of optical nodes Nl, N2, and N3, each of which 
is optically coupled to a respective communication node 
(hereinafter referred to as a "terminal") Tl, T2, and T3 
by way of a respective plurality of communication links 
(also referred to as "communication paths") L17-L20, L9- 
L12, and L13-L16. The communication network 10 preferably 
also comprises a plurality of primary, "working" 
communication links L1-L6 and a plurality of secondary, 
"protection links" links L-1 to L-6, each of which 
includes, for example, an optical fiber for carrying a 
plurality (e.g., 32) wavelengths, and is also hereinafter 
referred to as a "communication path". Preferably, each 
communication link L9-L20 also includes an optical fiber. 

[0030] Each individual terminal Tl, T2, and T3 may be, 
for example, one or more nodes operating in accordance 
with the Asynchronous Transfer Mode (ATM) or the Internet 
Protocol (IP) (e.g., an ATM switch or IP router), or a 
node of the Synchronous Optical Network (SONET). It 
should be noted, however, that the present invention, 
broadly construed, is not limited to any one particular 
type of communication protocol, standard, or network. 
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[0031] In a preferred embodiment of this invention, each 
of the nodes Nl, N2 , N3 comprises a respective sub-node 
12, 20, 16 that is coupled to a respective one of the 
terminals Tl, T2, T3 through a respective one of the 
groups of communication links L17-L20, L9-L12, and L13- 
Ll6. In accordance with an aspect of this invention, node 
Nl also comprises a plurality of protection modules 14 and 
15, node N2 comprises a plurality of protection modules 22 
and 24, and node N3 comprises a plurality of protection 
modules 17 and 18. 

[0032] The protection modules 14 and 15 of node Nl are 
optically coupled together by way of communication paths 
29a and 31a, the protection modules 24 and 22 of node N2 
are optically coupled together by way of communication 
paths 29b and 31b, and protection modules 17 and 18 of 
node N3 are optically coupled together by way of 
communication paths 29c and 31c. 

[0033] Additionally, the protection module 14 of node Nl 
is optically coupled to the protection module 17 of node 
N3 through the links LI, L2 , L-1, and L-2, the protection 
module 15 of node Nl is optically coupled to protection 
module 24 of node N2 through the links L3, L4 , L-3, and L- 
4, and the protection module 22 of node N2 is optically 
coupled to protection module 18 of node N3 through the 
links L5 , L6, L-5, and L-6. 
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[0034] Reference is now made to Fig. 3, which is a block 
diagram of an optical node N that is coupled to a terminal 
T through a plurality of optical links L-a, L-b, L-c, and 
L-d. The node N represents in further detail individual 
ones of the nodes Nl, N2 , and N3 of Fig. 2. According to 
a preferred embodiment of the invention, the node N 
comprises a sub-node 30, and a pair of protection modules 
56 and 58 that are constructed in accordance with this 
invention. The sub-node 30 shown in Fig. 3 represents in 
further detail individual ones of the sub-nodes 12, 16, 
and 20 of Fig. 2, the protection module 56 shown in Fig. 3 
represents in further detail individual ones of the 
protection modules 14, 24, and 18 of Fig. 2, and the 
protection module 58 of Fig. 3 represents in further 
detail individual ones of the protection modules 15, 22, 
and 17 of Fig. 2. Also, the terminal T of Fig. 3 
represents individual ones of the terminals Tl, T2 , and T3 
of Fig. 2, and the collective optical communication links 
L-a, L-b, L-c, and L-d of Fig. 3 represent respective ones 
of the groups of links L9-L12, L13-L16, and L17-L20 of 
Fig. 2. 

[0035] Preferably, the sub-node 30 comprises a pair of 
optical line terminals (OLTs) 32 and 34, although in other 
embodiments, the node 30 may comprise an optical add/drop 
multiplexer /demultiplexer (OADM) instead, and, depending 
on the particular configuration of the OADM, the number of 
links which couple the node N to terminal T may be more or 
less than that shown in Fig. 3. As is known in the art. 
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OADMs operate by either passing at least some signals 
received at a node through the node, adding signals 
received by the node from an external source (e.g., 
terminal T), for enabling those added signals to be 
forwarded to another destination within the network, and 
by dropping at least some signals received by the node 
from other sources (e.g., other nodes) to predetermined 
destinations (e.g., terminal T) . 

[0036] The OLT 32 preferably comprises a transponder 44, 
a multiplexer (MUX) 36, a demultiplexer (DEMUX) 38, and 
amplifiers 40 and 42, and the OLT 34 preferably comprises 
a transponder 54, a multiplexer (MUX) 46, a demultiplexer 
(DEMUX) 48, and amplifiers 50 and 52. Preferably, the 
MUXs 36 and 46 and DEMUXs 38 and 48 are Wavelength- 
Division-Multiplexed (WDM) devices. 

[0037] In other embodiments of this invention, the 
multiplexer 36 and demultiplexer 38 of OLT 32 may be 
embodied as a single multiplexer /demultiplexer 
(MUX/DEMUX), and the multiplexer 46 and demultiplexer 48 
of OLT 34 also may be embodied as a single MUX/DEMUX, 
rather than as separate devices as depicted in Fig. 3. 
Also, the transponders 44 and 54 of the respective OLTs 32 
and 34 preferably are bidirectional transponders, although 
in other embodiments, a plurality of unidirectional 
transponders may be employed instead, or no such 
transponders need be employed in the OLTs 32 and 34. 
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[0038] The various components of the OLT 32 will now be 
described in greater detail. The transponder 44 of OLT 32 
has an input 44a that is optically coupled to the terminal 
T through link L-a, and is responsive to a signal being 
applied to that input 44a for operating in a known manner 
to output a corresponding signal having a predetermined 
wavelength to an input 36a of the MUX 36. The transponder 
44 also has an input 44c that is coupled to an output 38a 
of the DEMUX 38, and an output 44b that is optically 
coupled to the terminal T through link L-b. The 
transponder 44 also is responsive to a signal being 
applied to the input 44c for outputting a corresponding 
signal having a predetermined wavelength to the terminal T 
by way of link L-b. 

[0039] In addition to the input 36a, the MUX 36 of OLT 32 
also has an input 36b that is optically coupled to an 
output 48b of the DEMUX 48 of OLT 34. The MUX 36 operates 
in a known manner for coupling different wavelength 
signals applied to respective ones of the inputs 36a and 
36b to an input 40a of the amplifier 40, which, in turn, 
amplifies the signals and provides resultant amplified 
signals to the protection module 56, through output 41 of 
the OLT 32. The DEMUX 38 of OLT 32 has an input 38c that 
is coupled to an output 56a of the protection module 56 
through the amplifier 42 of the OLT 32. Amplifier 42 
amplifies signals received from the output 56a of 
protection module 56, and outputs resultant amplified 
signals to the DEMUX 38, which, in turn, demultiplexes 
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those signals and outputs corresponding signals, each 
having a predetermined wavelength, through corresponding 
outputs 38a and 38b of the DEMUX 38. 

[0040] Having described the various components of the OLT 
32 of Fig. 3, the various components of OLT 34 of Fig. 3 
will now be described in greater detail. The transponder 
54 of the OLT 34 has an input 54a that is optically 
coupled to an output of the terminal T through link L-d. 
The transponder 54 is responsive to a signal being applied 
to the input 54a for outputting a corresponding signal 
having a predetermined wavelength to an input 46a of the 
MUX 46. Transponder 54 also has an input 54c that is 
coupled to an output 48a of the DEMUX 48, and an output 
54b that is optically coupled to an input of the terminal 
T, through link L-c. The transponder 54 is responsive to 
a signal being applied to that input 54c for outputting a 
corresponding signal having a predetermined wavelength to 
the terminal T, by way of the link L-c. 

[0041] In addition to the input 46a, the MUX 46 of the 
OLT 34 has an input 46b that is coupled to the output 38b 
of the DEMUX 38 of OLT 32. The MUX 46 preferably operates 
in a known manner for coupling different wavelength 
signals applied to respective ones of the inputs 46a and 
46b, to input 50a of amplifier 50. The amplifier 50 then 
amplifies the signals output from the MUX 46, and outputs 
resultant amplified signals through output 51 to input 58a 
of protection module 58. Amplifier 52 has an input 52a 
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that is coupled to an output 58b of the protection module 
58. The amplifier 52 amplifies signals that are applied 
to that input 52a, and outputs resultant amplified signals 
to an input 48c of the DEMUX 48, which, in turn, 
demultiplexes those signals and outputs corresponding 
signals, each having a predetermined wavelength, through 
corresponding outputs 48a and 48b of the DEMUX 48. It 
should be noted that although the MUXs 36, 46 and DEMUXs 
38, 48 are shown as having only two input terminals and 
two output terminals, respectively, in other embodiments, 
those devices may have more than that number of terminals, 
depending on the number of channels required to be 
added/ dropped . 

[0042] Having described the components of the node 30 of 
Fig. 2, the protection modules 56 and 58 according to a 
preferred embodiment of this invention will now be 
described. In accordance with an aspect of this 
invention, the protection modules 56 and 58 are employed 
to detect communication path (e.g., link) failures in the 
optical ring network 10, and to enable alternate, 
functioning communication paths to be selected in response 
thereto, for routing signals to and from the node 30, as 
will be described further below. 

[0043] In accordance with a presently preferred 
embodiment of this invention, the protection module 56 
comprises a 4x4 optical switch 25, a local controller 84, 
a monitor block 86, and a variable optical attenuator 
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(VOA) 71. Similarly, the protection module 58 preferably 
comprises a 4x4 optical switch 27, a local controller 88, 
a monitor block 90, and a variable optical attenuator 
(VOA) 81. 

[0044] The monitor blocks 86 and 90 monitor for the 
presence or absence of light in the communication paths 
70a, 70b, 72a, 72b, 80a, 82b, 82a, 82b by determining in a 
known manner whether or not light in the individual paths 
equals or exceeds a predetermined threshold. The monitor 
blocks 86 and 88 also notify the respective controllers 84 
and 88 regarding whether or not light is detected in those 
paths. A detection revealing that light is absent in a 
communication path is indicative of a failure in the path 
or a failure in a path coupled thereto. For example, 
light may be absent in the communication path as a result 
of a failure of a corresponding communication link. 

[0045] The monitor blocks 86 and 90 each may be embodied 
as one or more optical sensors, such as a photodiode, 
although, for convenience, only the two monitor blocks 86 
and 90 are shown in Fig. 3. In an exemplary embodiment, 
each communication path 70a, 70b, 72a, 72b, 80a, 82b, 82a, 
82b (i.e., L1-L6 and L-1 to L-6 of Fig. 2) may have its 
own dedicated optical sensor(s) for detecting the presence 
or absence of light in the path. For example, the sensors 
may be integral parts of the switches 25 and 27, or may be 
tapped into a selected point in either the paths 70a, 70b, 
72a, 72b, 80a, 82b, 82a, 82b, outputs paths 01' (shown in 
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Fig. 8, described below) of the protection modules 56, 58, 
communication paths included within OLTs 32 and 34, the 
paths 64 and 66 coupling the protection modules 56 and 58 
together, or the paths coupling the protection modules 56 
and 58 to the respective OLTs 32 and 34 (although this 
also is not shown for convenience) . Preferably, the 
sensors are employed for detecting the presence or absence 
of light in paths carrying a control channel to a node, 
although in other embodiments, both incoming and outgoing 
paths from a node may be monitored, in which case the 
sensors on the outgoing paths detect the presence or 
absence of light by measuring return losses and optical 
reflections in a known manner. 

[0046] The controllers 84 and 88 function to coordinate 
both the exchange of signals between the node 30 and 
other, adjacent nodes of the network 10 (Fig. 2), and the 
exchange of signals between the node 30 and the terminal 
T, in the event that a failure is detected in a 
communication path by a respective monitor block 86 or 90. 
The controllers 84 and 88 are coupled to the switches 25 
and 27, and control the configurations (i.e., positions) 
of the respective switches 25 and 27 in response to 
receiving either a failure notification signal from a 
corresponding monitor block 86 or 90, or a failure 
notification signal from another node controller, as will 
be described in more detail below. The controllers 84 and 
88 are also coupled to the VOAs 71 and 81, respectively, 
and, according to a preferred embodiment of the invention. 
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and referring also to Fig. 8, are also bidirectionally 
coupled together through a communication path 68. 

[0047] The VOAs 71 and 81 are each operated in a known 
manner for optimizing the levels of optical signal passing 
therethrough. For example, depending on predetermined 
operating criteria, various components located downstream 
from the respective VOAs 71 and 81 may require certain 
optical levels for operating most effectively. After a 
switching configuration is implemented (in the manner as 
will be described below) in a node to bypass one or more 
failed communication paths, optical power levels of 
signals present in the node may differ from those present 
prior to the switching change. To compensate for this 
difference, the VOAs 71, 81 of the node can be adjusted to 
optimize those signal levels, in accordance with the 
requirements of the downstream components. The 
adjustments may be performed based upon a difference 
between predetermined desired power levels and 
predetermined post-switching node signal levels or losses, 
or based upon a difference between predetermined desired 
power levels and an optical power measurement obtained, 
after switching occurs, at some predetermined point 
downstream from the respective VOAs (e.g., at client 
equipment located at an end of an optical path) . The 
individual VOAs 71, 81 are preferably adjusted using a 
closed loop procedure for optimizing the signal levels for 
the downstream components (e.g., client equipment or 
transponders 44 and 54). The precise manner in which the 
VOAs 71 and 81 are controlled and operated for use in the 
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nodes of this invention will not be described in further 
detail, and is assumed to be within the knowledge of one 
skilled in the art. 

[0048] Referring now to Fig. 8, each protection module 56 
and 58 preferably also comprises multiplexers (MUXs) Ml, 
M3 and demultiplexers (DEMUXs) M2, M4, although for 
convenience this is not shown in Fig. 3. The MUXs Ml, M3 
and DEMUXs M2, M4 are preferably Wavelength-Division- 
Multiplexed (WDM) devices, and are employed to enable 
signals to be exchanged between the switches 25 and 27 of 
adjacent ones of the nodes Nl, N2, and N3, and between the 
controllers 84 and 88 of adjacent ones of the nodes Nl, 
N2 , and N3, by way of the communication paths Ll to L6 and 
L-1 to L-6 (Fig. 3). The MUXs Ml of each module 56 and 58 
have an input (12) and an output (01) that are each 
coupled in a corresponding communication path 70a, 80a, 
and also have an input (II) that is coupled to an output 
of a corresponding controller 84, 88 of the respective 
module 56, 58. The DEMUXs M2 of each module 56 and 58 
have an input (II') and an output (02') that are each 
coupled in a corresponding communication path 72a, 82a, 
and also have an output (01') that is coupled to an input 
of the corresponding controller 84, 88. Similarly, the 
MUXs M3 of each module 56 and 58 have an input (12) and an 
output (01) that are each coupled in a corresponding 
communication path 70b, 80b, and also have an input (II) 
that is coupled to an output of a corresponding controller 
84 and 88 of a respective module 56, 58. Moreover, the 
DEMUXs M4 of each module 56 and 58 have an input (II') and 
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an output (02') that are each coupled in a corresponding 
communication path 72b, 82b, and also have an output (Ol') 
that is coupled to an input of a corresponding controller 
84, 88. For the embodiment of the node N depicted in 
Fig. 3, the blocks (A) and (B) of Fig. 8 represent the 
switches 25 and 27, respectively. 

[0049] The MUXs Ml and MS of each module 56 and 58 each 
couple different wavelength signals applied to respective 
ones of the inputs (11) and (12) of the MUX, to the MUX 
output (01), for enabling the signals to be forwarded to 
another node via a corresponding communication path 70a, 
70b, 80a, 80b. The DEMUXs M2 and M4 of each module 55 and 
58 each demultiplex signals received in a corresponding 
communication path 72a, 72b, 82a, and 82b (and applied to 
the input (II') of the DEMUX), and output corresponding 
signals, each having a predetermined wavelength, through 
corresponding outputs (01") and (02') of the DEMUX. 

[0050] Having described the various components of the 
network 10 in detail, a method in accordance with an 
embodiment of this invention will now be described, with 
reference to the flow diagram of Figs. 4a-4d (in 
conjunction with Figs. 2 and 3). In this exemplary- 
embodiment, it is assumed that the monitor block 86 of 
each node NX, N2, and N3 is employed for detecting the 
presence or absence of light on both ingoing and outgoing 
paths 70a, 70b, 72a, 72b (Fig. 2) from the node, and that 
the monitor block 90 of each node NX, N2 , and N3 is 
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employed for detecting the presence or absence of light on 
both the ingoing and outgoing paths 80a, 80b, 82a, 82b 
(Fig. 2) from the node. The method of Figs. 4a-4d is 
preferably implemented in accordance with a program, 
executed by controllers 86, 88 of the individual nodes Nl, 
N2, N3, and stored in a memory (not shown) of those nodes 
Nl, N2, N3. 

[0051] At block Al, the method is started, and it is 
assumed that the network 10 is operating in a normal 
operating mode wherein all of the network components are 
functioning properly. During this operating mode, the 
monitor block 86 of each node Nl, N2 , and N3 detects light 
in each of the corresponding communication paths 7 0a, 70b, 
72a, and 72b ('N' at blocks A2 and A5-a) , and, as a 
result, the controller 84 of the node maintains the 
corresponding switch 25 in an initial configuration for 
coupling 1) switch input 25b to switch output 25h, 2) 
switch input 25g to switch output 25a, 3) switch input 25d 
to switch output 25f, and 4) switch input 25e to switch 
output 25c (block A2-a) . Also during this operating mode, 
the monitor block 90 of each node Nl, N2 , and N3 detects 
light in each of the corresponding communication paths 
80a, 80b, 82a, and 82b ('N' at blocks A2 and A5-a), and, 
as a result, the controller 88 of the node maintains the 
corresponding switch 2 7 in an initial configuration for 
coupling 1) switch input 27h to switch output 27a, 2) 
switch input 27b to switch output 27g, 3) switch input 27d 
to switch output 27e, and 4) switch input 2 7f to switch 
output 27c (block A2-a) , It also is assumed that signals 



Docket No.: PA080003 



- 23 - 



are being provided from terminal Tl to terminal 12 by way 
of the link L19, the OLT 34 and switch 27 of node NX, the 
communication link L4, the switch 25 and OLT 32 of node 
N2, and the link LlO (see, e.g.. Figs. 2 and 3). 

[0052] At some time later, it is assumed that a failure 
occurs in one of the primary links coupled between nodes 
Nl and N2, such as, for example, link L4, and that the 
monitor block 90 of node Nl and the monitor block 86 of 
node N2 each detect the failure in that link L4 ("y" at 
block A2 ) . As a result, control passes to block A3 where 
the monitor blocks 90 and 86 of the respective nodes Nl 
and N2 each respond to detecting the failure in the 
primary link L4 by notifying the corresponding controller 
88, 84 that a failure has occurred in the link L4 (block 
A3). Assuming that each monitor block 90, 86 also output 
information to the corresponding controller 88, 84 
indicating that light is present in the secondary link L- 
('y' at block A4 ) , then control passes through connector 
(A) to block A5 Fig. 4b, where the controllers 88 and 84 
of the respective nodes Nl and N2 each respond by 
performing further steps, as will now be described. 

[0053] At block A5 of Fig. 4b, the controller 84 of node 
N2 configures the switch 25 to cause a) the switch input 
25g to be coupled to switch output 25c, b) switch input 
25d to be coupled to switch output 25h, c) switch input 
2 Be to be coupled to switch output 25a, and d) switch 
input 25b to be coupled to switch output 25f (block A5). 
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At block A6 the controller 88 of node Nl configures the 
switch 27 to cause a) the switch input 2 7h to be coupled 
to switch output 2 7c, b) switch input 27d to be coupled to 
switch output 27g, c) switch input 27b to be coupled to 
switch output 27e, and d) switch input 2 7f to be coupled 
to switch output 27a (block A6 ) . 

[0054] As a result of the switching operations performed 
at blocks A5 and A6, the failed link L4 is bypassed, and a 
backup communication path is established which enables 
signals originating from terminal Tl, to be forwarded to 
the terminal T2 (block A7, Fig. 4b). The established 
backup communication path in this example includes the 
link L19 (Fig. 2) (i.e., link L-d of Fig. 3), the 
components 54, 46, 50, and 27 of node Nl (Fig. 3), the 
secondary link L-4, the switch 25, components 71, 42, 38, 
and 44 of node N2 (Fig. 3), and the link LlO (Fig. 2) 
(i.e., link L-b of Fig. 3). Preferably, the switching 
operations performed at blocks A5 and A5 are performed in 
a manner which minimizes the amount of signal traffic lost 
as a result of the failure in the primary communication 
path L4. 

[0055] The switching operations performed at blocks A5 
and A6 also establish a backup communication path that 
enables signals originating from terminal T2, to be 
forwarded to terminal Tl. In this example, that backup 
communication path includes the link L9 (i.e., link L-a of 
Fig. 3), the components 44, 36, 40, and 25 of node N2 
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(Fig. 3), the link L-3, the switch 27, components 81, 52, 
48, and 54 of node Nl (Fig. 3), and the link L20 (Fig. 2) 
(i.e., link L-c of Fig. 3). Preferably, the switches 25 
and 27 of the respective nodes N2 and Nl then remain in 
the configurations in which they were placed at blocks A5 
and A6, respectively ( 'N' at block A9), until a failure is 
detected in one of the secondary links L-3 and L-4 . 

[0056] As an example, it is assumed that at some time 
after the backup communication paths are established, a 
failure occurs in one of the secondary links L-3 and L-4 
coupled between nodes Nl and N2, such as, for example, 
link L-4, and the monitor blocks 90 and 86 of nodes Nl and 
N2, respectively, detect the failure in that link L-4 ( 'y' 
at block A9). As a result, control passes through 
connector (C) to block AlO of Fig. 4c where the monitor 
blocks 90 and 86 of respective nodes Nl and N2 
individually respond to detecting the failure in the 
secondary link L-4 by notifying the corresponding 
controllers 88 and 84, respectively, that a failure has 
occurred in the secondary link L-4. Assuming that the 
monitor blocks 90 and 86 also detect the presence of light 
in the primary link L4, and provide information indicating 
such to the respective controllers 88 and 84, then the 
controllers 84 and 88 individually respond in steps All 
and A12 (Fig. 4c), respectively, by configuring the 
respective switches 25 and 2 7 of the corresponding nodes 
N2 and Nl in the following manner. 
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[0057] At block All, the controller 84 of node N2 
configures the switch 25 of that node to cause a) the 
switch input 25g to be coupled to switch output 25a, b) 
switch input 25d to be coupled to switch output 25f, c) 
switch input 25e to be coupled to switch output 25c, and 
d) switch input 25b to be coupled to switch output 25h 
(block All). At block A12 the controller 88 of node Nl 
configures the switch 2 7 of the node Nl to cause a) switch 
input 27h to be coupled to switch output 27a, b) switch 
input 27d to be coupled to switch output 27e, c) switch 
input 27f to be coupled to switch output 27c, and d) 
switch input 27b to be coupled to switch output 27g (block 
A12) . 

[0058] As a result of the switching operations performed 
at blocks All and A12, the failed secondary link L-4 is 
bypassed, and the original communication paths, including 
links L4 and L3 , are re-established for forwarding signals 
being exchanged between terminals Tl and T2 (block A13). 
Thereafter, control passes through connector (D) back to 
Fig. 4a, where the method continues therefrom. 

[0059] Referring again to Fig. 4a, an example of a case 
in which a failure is detected in a primary link and a 
corresponding secondary link coupled between nodes of the 
network 10, will now be described. For example, at block 
A5-a of Fig. 4a, it is assumed that the links L4 and L-4, 
coupled between nodes Nl and N2, fail, and that the 
monitor blocks 86 and 90 of the respective nodes N2 and Nl 
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individually detect the failures in those links (block A5- 
a). As a result, control passes through connector (E) to 
block A15 of Fig. 4d, where those monitor blocks 86 and 90 
respond by notifying the corresponding controllers 84 and 
88 that a failure has occurred in those links L4 and L-4. 
The controllers 84 and 88 of the respective nodes N2 and 
Nl then individually respond by configuring the 
corresponding switches 25 and 27, at respective blocks A16 
and A17, in the following manner. 

[0060] At block A16, the controller 84 of node N2 
configures the switch 25 to cause switch input 25g to be 
coupled to switch output 25f, and also to cause the switch 
input 25e to be coupled to switch output 25h (block A16). 
At block A17, the controller 88 of node Nl configures the 
switch 27 of the node Nl to cause the switch input 27f to 
be coupled to switch output 27g, and also to cause the 
switch input 27h to be coupled to switch output 27e (block 
A17) . 

[0061] As a result of the switching operations performed 
at blocks A16 and A17, the failed links L4 and L-4 are 
bypassed, and backup (e.g., "loopback") communication 
paths are established to enable signals to be exchanged 
between the terminals Tl and T2 (block A18). In this 
example, a first one of the established backup 
communication paths forwards signals originating from 
terminal Tl, to terminal T2, and includes the link L19 
(Fig. 2), the components 54, 46, 50, and 27 of node Nl 
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(Fig. 3), the path 64 and switch 25 of node Nl, link L-1, 
node N3 (e.g., components 27, 64, and 25 of node N3), link 
L-5, the switch 27, path 64, switch 25, and components 71, 
42, 38, and 44 of node N2 (Fig. 3), and the link LIO of 
Fig. 2 (corresponding to link L-b of Fig. 3). A second 
one of the established backup communication paths enables 
signals originating from terminal T2 to be forwarded to 
terminal Tl, and includes the link L9 of Fig. 2 
(corresponding to link L-a of Fig. 3), the components 44, 
36, 40, and 25 of node N2 , path 66 and switch 2 7 of node 
N2 (Fig. 3), the link L-6 (Fig. 2), node N3 (e.g., 
components 25, 66 and 27 of node N3 ) , link L-2, and 
components 25, 66, 27, 81, 52, 48, and 54 of node Nl, and 
link L2 0 of Fig. 2 (which corresponds to link L-c of Fig. 
3). Preferably, the switches 25 and 27 of each node N2 
and Nl then remain in their present configurations until 
at least one of the failed primary and secondary links L4 
and L-4 is repaired and light is again detected therein. 

[0062] As an example, at some time after the step of 
block A18 is performed, it is assumed that the failed 
links L4 and L-4 are repaired, and that, as a result, 
light is again detected in those links by the monitor 
blocks 86 and 90 of the nodes N2 and Nl, respectively 
(block A19). In response to individually detecting the 
presence of light in those links L4 and L-4, and also 
detecting the presence of light in the link L3, the 
monitor blocks 86 and 90 notify the corresponding 
controllers 84 and 88 (block A20), which then respond in 
respective blocks A21 and A22 by reconfiguring the 
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corresponding switches 25 and 27 of the corresponding 
nodes N2 and Nl to again cause those switches 25 and 27 to 
be placed in their initial configurations (i.e., the 
configurations in which those switches were placed at 
block A2-a) . 

[0063] As a result of the switching operations performed 
at blocks A21 and A22, signals can again be transmitted 
from the terminal Tl to terminal T2 by way of the node Nl, 
the primary link L4, and the node N2 , and signals also can 
again be transmitted from terminal T2 to terminal Tl by 
way of the node N2, the primary link L3, and the node Nl. 
Control then passes through connector (D) back to Fig. 4a, 
where the method continues in the manner described above. 

[0064] Referring again to Fig. 4b, an example of a case 
in which a failure occurs in at least one of the secondary 
links L-3 and L-4 after the bypass coimnunication path is 
established at block A7 , will now be described. For 
example, it is assumed that, after the step of block A7 is 
performed, the secondary links L-3 and L-4 fail, and the 
monitor blocks 86 and 90 of nodes N2 and Nl, respectively, 
detect the failures in those links ('n' at block A9, 'y' 
at block A14). As a result, control passes through 
connector (E) to block A15 of Fig. 4d where the monitor 
blocks 86 and 90 respond to detecting the failures by 
notifying the corresponding controllers 84 and 88 of the 
detected failures. Assuming that the primary links L3 and 
L4 have not yet been repaired, and that, as a result, the 
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monitor blocks 86 and 90 do not detect light in those 
links L3 and L4 (and therefore output information 
indicating such to the corresponding controllers 84 and 
88), then the method continues in the above-described 
manner, for enabling signals to be exchanged between the 
terminals Tl and T2 by way of the secondary links L-1, L- 
2, L-5, L-6 and nodes NX, N3, and N2 . 

[0065] Having described a method in which the nodes 
perform switching operations in response to individually 
detecting a loss of light in one or more incoming and 
outgoing communication paths from a node, an alternate 
embodiment of this invention will now be described. In 
this embodiment of the invention, switching operations are 
performed in response to a node receiving a failure 
notification signal from another node. This embodiment of 
the invention may be employed in cases in which, for 
example, the monitor blocks 86 and 90 of each node Nl, N2 , 
and N3 monitor only those paths (e.g., links 72a, 72b, 
82a, 82b) which forward incoming light signals to the 
node. An example of this embodiment of the invention will 
now be described, with reference again being made to 
Fig. 4a. 

[0066] In this example, it again is assumed that at block 
Al the network 10 is operating in the normal operating 
mode wherein all of the network components are functioning 
properly, and the controllers 84 and 88 of each node Nl, 
N2 , and N3 maintains the corresponding switches 25 and 27 
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in their initial configurations (block A2-a), and that 
signals are being provided from terminal Tl to terminal T2 
by way of the link L19, the OLT 34 and switch 27 of node 
Nl, the communication link L4, the switch 25 and OLT 32 of 
node N2, and the link LIO (see, e.g., Figs. 2 and 3). 

[0067] At some time later, it is assumed that a failure 
occurs in one of the primary links coupled between nodes 
Nl and N2 , such as, for example, link L4 , and that the 
monitor block 86 of node N2 detects the failure in that 
link L4 ( 'N' at block A2 ) . As a result, control passes to 
block A3 where the monitor block 86 responds by notifying 
the corresponding controller 84 that a failure has 
occurred in the link L4 . Assuming that the monitor block 
86 also outputs information to that controller 84 
indicating that light is present in the secondary link L-4 
( 'y' at block A4 ) , then control passes through connector 
(A) to block A5 of Fig. 4b, where the controller 84 of 
node N2 responds by configuring the switch 25 in the 
above-described manner to cause a) the switch input 25g to 
be coupled to switch output 25c, b) switch input 25d to be 
coupled to switch output 25h, c) switch input 25e to be 
coupled to switch output 25a, and d) switch input 25b to 
be coupled to switch output 25f (block A5). 

[0068] In accordance with this embodiment of the 
invention, the controller 84 also responds at block A5 by 
forwarding a failure notification signal indicating that a 
failure was detected in primary communication path L4 , 
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through the communication path 68 (Fig. 8) to the 
controller 88 of module 58 within the same node N2. The 
controller 88 then responds to receiving the failure 
notification signal from controller 84 by forwarding that 
signal to node N3 by way of the MUX Ml (Fig. 8) of node 
N2, and the communication path L6 (Fig. 2) of the network 
10. Thereafter, the failure notification signal passes 
internally through node N3 by way of the node components 
M2 and 84 (of module 56 of Fig. 8), 68, and components 88 
and Ml (module 58) of Fig. 8, and is then forwarded to the 
node Nl via the communication path L2 (Fig. 2) of the 
network 10. Within the node Nl, the failure notification 
signal is then forwarded through the DEMUX M2 (module 56) 
to the controller 84 of that node Nl, and then to the 
controller 88 of the node Nl via path 68. The controller 
88 of node Nl then responds at block A6 by configuring the 
switch 27 in the above-described manner to cause a) the 
switch input 27h to be coupled to switch output 2 7c, b) 
switch input 27d to be coupled to switch output 27g, c) 
switch input 27b to be coupled to switch output 27e, and 
d) switch input 27f to be coupled to switch output 27a 
(block A6 ) . 

[0069] As a result of the switching operations performed 
at blocks A5 and A6, the failed link L4 is bypassed, and 
backup communication paths are established for enabling 
signals to be exchanged between the nodes Nl and N2 by way 
of secondary links L-3 and L-4 in the above-described 
manner . 
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[0070] At some time after the backup communication paths 
are established, it is assumed that the primary link L4 is 
repaired. It also is assumed that at some time later, a 
failure occurs in one of the secondary links L-3 and L-4 
coupled between nodes Nl and N2 , such as, for example, 
link L-4, and that the monitor block 86 of node N2 detects 
the failure in that link L-4 ('y' at block A9 ) . As a 
result, control passes through connector (C) to block AlO 
of Fig. 4c where the monitor block 86 of node N2 responds 
by notifying the corresponding controller 84 of the 
detected failure in link L-4. Assuming that the monitor 
block 85 also detects the presence of light in primary 
link L4 and notifies the corresponding controller 84 
accordingly, then the controller 84 responds at block All 
(Fig. 4c) by configuring the corresponding switch 25 of 
node N2 in the above-described manner to cause a) the 
switch input 25g to be coupled to switch output 25a, b) 
switch input 25d to be coupled to switch output 25f, c) 
switch input 25e to be coupled to switch output 25c, and 
d) switch input 25b to be coupled to switch output 25h 
(block All). The controller 84 of node N2 also responds 
at block All by forwarding a failure signal indicating 
that a failure has occurred in the path L-4, to the 
controller 88 of node Nl, by way of the path 68, 
controller 88, and MUX Ml of node N2 (Fig. 3), path L6 
(Fig. 2), node N3, path L2 (Fig. 2), and the components 
M2, 84 and 68 of node Nl (Fig. 3). In response to 
receiving that signal, the controller 88 of node Nl then 
configures the switch 27 of node Nl in the above-described 
manner to again cause a) switch input 27h to be coupled to 
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switch output 27a, b) switch input 27d to be coupled to 
switch output 27e, c) switch input 27f to be coupled to 
switch output 27c, and d) switch input 27b to be coupled 
to switch output 27g (block A12). 

[0071] In this manner, the failed link L-4 is bypassed, 
and the original, primary communication paths L4 and L3 
are re-established for forwarding signals being exchanged 
between terminals Tl and T2 (block A13). Thereafter, 
control passes through connector (D) to Fig. 4a, where the 
method continues in the above-described manner. 

[0072] An example of the manner in which the present 
embodiment of the invention operates in a case in which a 
failure occurs in a primary communication path L1-L4 and a 
corresponding secondary communication path L-1 to L-4 at 
block A5-a, will now be described. In this example, it is 
assumed that a failure occurs in the primary link L4 and 
the secondary link L-4 at block A5-a, and that, as a 
result, the failure is detected by the monitor block 86 of 
node N2 in the above-described manner. Thereafter, 
control passes through connector (E) to block A15 of Fig. 
4d where the monitor block 86 notifies the corresponding 
controller 84 of node N2 of the detected failures. Then, 
the controller 84 of node N2 responds by configuring the 
switch 25 of that node at block A16 in the same manner as 
described above, and also by communicating a failure 
notification signal (indicating that a failure occurred in 
links L4 and L-4) from the node N2 (via components 68, 88, 
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and Ml (module 58) of node N2 ) to the controller 88 of 
node Nl, by way of the link L6, node N3, link L2, and 
components M2 (block 56), 84, and 68 of node Nl, in the 
above-described manner. The controller 88 of node Nl then 
responds by configuring the corresponding switch 27 of 
that node at block A17 in the above-described manner to 
enable the failed link L4 and L-4 to be bypassed, and the 
bypass communication paths to be established at block AlB, 

[0073] At some time after the step of block A18 is 
performed, it is assumed that the failed links L4 and L-4 
are repaired, and that, as a result, light is again 
detected in those links by the monitor block 86 of node N2 
(block A19). In response to detecting the presence of 
light in those links, the monitor block 86 notifies the 
corresponding controller 84 (block A20), which then 
responds at block A21 by reconfiguring the corresponding 
switch 25 to again cause that switch 25 to be placed in 
its original configuration. According to this embodiment 
of the invention, the controller 84 also responds at block 
at block A21 by communicating a signal indicating that 
light has again been detected in the previously-failed 
links L4 and L-4, from the node N2 (via node N2 components 
68, 88, and Ml (module 58)) to the controller 88 of node 
Nl, by way of the link L6, node N3, link L2, and 
components M2 (module 56), 84, and 68 of node Nl, in the 
above-described manner. The controller 88 of node Nl then 
responds by configuring the corresponding switch 27 at 
block A22 to place the switch 27 in its initial 
configuration, in the same manner as described above, for 
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enabling signals to again be exchanged between the 
terminals Tl and T2 by way of the node Nl, primary links 
L3 and L4, and the node N2 . Control then passes through 
connector (D) to Fig. 4a, where the method then continues 
in the above-described manner. 

[0074] An example of the manner in which the present 
embodiment (wherein incoming communication paths to a node 
are monitored) of the invention operates in response to a 
case in which a failure occurs in each of the links L3, L- 
3, L4 , and L-4 coupling together nodes Nl and N2 , will now 
be described. In this example, it is assumed that a 
failure occurs in each of the primary links L3 and L4 and 
each of the secondary links L-3 and L-4 at block A5-a, and 
that, as a result, the failure in links L4 and L-4 is 
detected by the monitor block 86 of node N2, and the 
failure in links L3 and L-3 is detected by the monitor 
block 90 of node Nl. Thereafter, control passes through 
connector (E) to block A15 of Fig. 4d where the monitor 
block 86 of node N2 notifies the corresponding controller 
84 of node N2 of the detected failure of links L4 and L-4, 
and the monitor block 90 of node Nl notifies the 
controller 88 of node Nl of the detected failure in links 
L3 and L-3. 

[0075] The controller 84 of node N2 responds to being 
notified of the failure in links L4 and L-4 by configuring 
the switch 25 of that node at block A16 in the same manner 
as described above for that block, and also by 
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communicating a failure notification signal (indicating 
that a failure occurred in links L4 and L-4) from the node 
N2 (via components 68, 88, and Ml (module 58) of node N2) 
to the controller 88 of node Nl, by way of the link L6, 
node N3, link L2, and components M2 (block 56), 84, and 68 
of node Nl, in the above-described manner. 

[0076] The controller 88 of node Nl responds to being 
notified at block A15 by the monitor block 90 of node Nl 
of the failure in links L3 and L-3 by configuring the 
corresponding switch 27 of that node at block A17 in the 
same manner as described above for that block. As a 
result of these switching operations performed within the 
nodes Nl and N2, the failed links L3, L4 , L-3, and L-4 are 
bypassed, and the bypass communication paths are 
established in the above-described manner at block A18. 
In addition, the controller 88 of node Nl also responds at 
block A17 (to the failure being detected in links L3 and 
L-3) by communicating a failure notification signal 
indicating that a failure occurred in links L3 and L-3 
from the node Nl (via components 68, 84, and Ml (module 
56) of node Nl) to the controller 84 of node N2 , by way of 
the link Ll, node N3 , link L5, and components M2 (block 
58), 88, and 68 of node N2 . The controller 84 of node N2 
responds to receiving that failure notification signal by 
recognizing the occurrence of the failure in the links L3 
and L-3, and the controller 88 of node Nl responds to 
receiving the failure notification signal originally 
transmitted by the controller 84 of node N2 at block A16 
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by recognizing the occurrence of the failure in the links 
L4 and L-4. 

[0077] It should be noted that although the foregoing 
switching operations are described in the context of the 
controller 84 of node N2 and the controller 88 of node Nl 
configuring the corresponding switches 25, 27 of those 
respective nodes in response to being notified of links 
failures by the monitor blocks 86 and 90, respectively, in 
another embodiment of the invention, the controller 88 of 
node Nl does not configure the switch 27 until receiving 
the notification signal from node N2 (i.e., the controller 
88 configures switch 2 7 in response to both (an "AND" 
operation of both) the detection of the failures in links 
L3 and L-3 and the receipt of the notification from node 
N2 ) , and the controller 84 of node N2 does not configure 
the switch 25 until receiving the notification signal from 
node Nl (i.e., the controller 84 configures switch 25 in 
response to both (an "AND" operation of both) the 
detection of the failures in links L4 and L-4 and the 
receipt of the notification from node Nl) (this also 
applies to the embodiments described below and shown in 
Figs . 5 and 7 ) . 

[0078] At some time after the step of block A18 is 
performed, it is assumed that the failed links L3 , L4, L- 
3, and L-4 are repaired, and that, as a result, light is 
again detected in the links L4 and L-4 by the monitor 
block 86 of node N2 , and light is again detected in the 
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links L3 and L-3 by the monitor block 90 of node Nl (block 
A19). In response to detecting the presence of light in 
the links L4 and L-4, the monitor block 86 of node N2 
notifies the corresponding controller 84 (block A20), 
which then responds at block A21 by communicating a signal 
indicating that light has again been detected in the links 
L4 and L-4, from the node N2 (via node N2 components 68, 
88, and Ml (module 58)) to the controller 88 of node NX, 
by way of the link L6, node N3, link L2 , and components M2 
(module 56), 84, and 68 of node Nl, in the above-described 
manner. Similarly, the monitor block 90 of node Nl 
responds to detecting the presence of light in the links 
L3 and L-3 at block A19 by notifying the corresponding 
controller 88 at block A20, which responds at block A21 by 
communicating a signal indicating that light has again 
been detected in the links L3 and L-3, from the node Nl 
(via node Nl components 68, 84, and Ml (module 56)) to the 
controller 86 of node N2, by way of the link Ll, node N3, 
link L5, and components M2 (module 58), 88, and 68 of node 
N2 . 

[0079] Also at block A21, the controller 86 of node N2 
responds to receiving that signal sent from node Nl (and 
to receiving the signal from the monitor block 90 
indicating the detection of light in links L4 and L-4) 
(i.e., an "AND" of those signals) by reconfiguring the 
corresponding switch 25 of node N2 to again cause that 
switch 25 to be placed in its original configuration. 
Also, at block A22 the controller 88 of node Nl responds 
to receiving the signal originally transmitted from the 
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node N2 at block A21 (and to receiving the signal from the 
monitor block 86 indicating the detection of light in 
links L3 and L-3) (i.e., an "AND" of those signals) by 
configuring the corresponding switch 27 to again cause 
that switch 2 7 to be placed in its original configuration. 
These switching operations performed within nodes Nl and 
N2 enable signals to again be exchanged between the 
terminals Tl and T2 by way of the node Nl, primary links 
L3 and L4, and the node N2 . Control then passes through 
connector (D) to Fig. 4a, where the method then continues 
therefrom. 

[0080] It should be appreciated that, although the 
invention is described in the context of the nodes Nl and 
N2 performing the above-described bypass switching 
operations to bypass failed ones of the links L3, L4, L-3, 
and L-4, in cases in which failures occur in other links 
LI, L2, L5, L6, L-1, L-2, L-5, and L-6, similar switching 
operations as those described above are also performed 
within corresponding nodes coupled to those links 
(depending on which links fail), for bypassing those 
failed link(s), in a manner as would be readily 
appreciated by one skilled in the art in view of this 
description. It also should be noted that, while the 
above-described examples are described in the context of 
switching procedures being performed in response to 
failures being detected in either one primary link, one 
primary link and one secondary link, or two primary links 
and two secondary links, in cases in which other 
combinations of links fail, other appropriate switching 
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procedures are performed for bypassing the failed link(s), 
in a manner as would be readily appreciated by one skilled 
in the art in view of this description. 

[0081] Another embodiment of the invention will now be 
described, with reference being made to Fig. 5, which is a 
block diagram of a node N' that is constructed in 
accordance with this embodiment of the invention, and 
which is coupled to terminal T through links L-a to L-d. 
The node N' comprises the same components as the node N of 
Fig. 3 (including those shown in Fig. 8), except that the 
node N' of Fig. 5 includes protection modules 56' and 58', 
instead of the modules 56 and 58. Also, in this 
embodiment blocks (A) and (B) of Fig. 8 represent the 
collective components 92, 94, 96, 98, 71', and 102, 104, 
106, 108, 81", respectively, of Fig. 5. 

[0082] In accordance with this embodiment of the 
invention, in addition to the components 84, (A), and Ml- 
M4 (module 56) of Fig. 8, the protection module 56' of 
Fig. 5 comprises a plurality of optical switches 92, 94, 
96, and 98, local controller 84, monitor block 86, and a 
variable optical attenuator 71'. Similarly, in addition 
to components 88, (B), and M1-M4 (module 58) of Fig. 8, 
the protection module 58' preferably comprises optical 
switches 102, 104, 106, and 108, local controller 88, 
monitor block 90, and variable optical attenuator 81'. 
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[0083] The components 84, 86, 88, and 90 are similar to 
those described above, and thus will not be described in 
further detail. Like the above-described embodiment shown 
in Fig. 3, in the present embodiment shown in Fig. 5 each 
or selected ones of the communication paths 70a, 70b, 72a, 
72b, 80a, 82b, 82a, 82b (i.e., Ll to L6, L-1 to L-6 of 
Fig. 2), or only those paths providing incoming signals to 
a node, may be monitored by optical sensor(s) for 
detecting the presence or absence of light in those paths, 
depending on applicable design criteria. The sensors may 
be, for example, integral parts of selected ones of the 
switches 92, 94, 96, 98, 102, 104, 106, and 108, or may be 
tapped into a selected point in either the selected ones 
of the paths 70a, 70b, 72a, 72b (e.g., 01" in that path in 
Fig. 8), 80a, 82b (e.g., 01' in that path Fig. 8), 82a, 
82b, communication paths included within OLTs 32 and 34, 
the paths 64 and 66 coupling the protection modules 56' 
and 58' together, or the paths coupling the protection 
modules 56' and 58' to the respective OLTs 32 and 34 
(although this is not shown in Fig. 5 for convenience). 

[0084] Each switch 92, 94, 96, and 98 of the module 56' 
is coupled to an output of the controller 84, and each 
switch 102, 104, 106, and 108 of module 58' is coupled to 
an output of the controller 88, although, for clarity, 
this is not shown in Fig. 5. Each of the switches 92, 94, 
102, and 104 preferably is a 1x3 optical switch, and each 
of the switches 96, 98, 106, and 108 preferably is a 2x2 
optical switch. 
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[0085] The switch 92 of module 56' has an input that is 
coupled to an output 41 of amplifier 40 of OLT 32, and 
also has a plurality of outputs 92a-92c. Output 92a is 
coupled to link 70a, output 92b is coupled to an input 98a 
of switch 98, and output 92c is coupled to an input 96a of 
switch 96. Switch 94 has an output that is coupled to an 
input 42a of amplifier 42 of OLT 32, and also has a 
plurality of inputs 94a-94c. Input 94a is coupled to link 
72a, input 94b is coupled to an output of the VOA 71', and 
input 94c is coupled to an output 98c of the switch 98. 
In addition to the input 96a, switch 96 also has an input 
96b that is coupled to the communication path 64, an 
output 96c that is coupled to an input of the VOA 71', and 
an output 96d that is coupled to the link 70b. The switch 
98 has, in addition to input 98a, an input 98b that is 
coupled to link 72b, an output 98c that is coupled to 
input 94c of switch 94, and an output 98d that is coupled 
to communication path 66. 

[0086] Referring now to the protection module 58', the 
switch 102 of that module 58' has an input 102a that is 
coupled to link 82a, an input 102b that is coupled to an 
output of VOA 81", an input 102c that is coupled to an 
output 106c of switch 106, and an output that is coupled 
to an input 52a of amplifier 52 from OLT 34. Switch 104 
has an input that is coupled to an output 50a of amplifier 
50 from OLT 34, an output 104a that is coupled to link 
80a, an output 104b that is coupled to input 106a of 
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switch 106, and an output 104c that is coupled to an input 
108a of switch 108. In addition to the input 106a and 
output 106c, the switch 106 has an input 106b that is 
coupled to link 82b, and an output 106d that is coupled to 
communication path 64. In addition to the input 108a, the 
switch 108 has an input 108b that is coupled to 
communication path 66, an output 108d that is coupled to 
link 80b, and an output 108c that is coupled to an input 
of VOA 81 ■ . 

[0087] Referring again to the flow diagram of Figs. 4a- 
4d, in conjunction with Figs. 2 and 5, a method in 
accordance with this embodiment of the invention will now 
be described. The steps of this method (e.g.. Figs. 4a- 
4d) are performed in a similar manner as was described 
above, except that while the network 10 is operating in a 
normal operating mode wherein all of the network 
components are functioning properly (and light is detected 
in each of the monitored communication paths ( ' y ' at block 
A2 ) ) , the controller 84 of each node Nl, N2, and N3 
maintains each of the corresponding switches 92, 94, 96, 
and 98 of the node in an initial configuration in which 
(a) the input of switch 92 is coupled to the output 92a of 
that switch 92, (b) input 94a of switch 94 is coupled to 
the output of that switch 94, (c) input 96b of switch 96 
is coupled to output 96d of the switch 96, and (d) input 
98b of switch 98 is coupled to output 98d of that switch 
98. 



Docket No.: PA080003 



- 45 - 



[0088] Also during this operating mode, the controller 88 
of each node maintains each of the corresponding switches 
102, 104, 106, and 108 in an initial configuration in 
which (a) the input 102a of switch 102 is coupled to the 
output of that switch 102, (b) the input of switch 104 is 
coupled to output 104a of that switch 104, (c) input 106b 
of switch 106 is coupled to output 106d of switch 106, and 
(d) input 108b of switch 108 is coupled to output 108d of 
the switch 108. It also is assumed that signals are being 
provided from terminal Tl to terminal T2 by way of the 
link L19, the OLT 34 and switch 104 of node Nl, the 
communication link L4, switch 94 and OLT 32 of node N2, 
and the link LIO. 

[0089] At some time later, it is assumed that a failure 
occurs in a primary link coupled between nodes Nl and N2, 
such as link L4, and that the monitor block 86 of node N2 
detects the failure in the link ('Y' at block A2 ) . As a 
result, steps A3 to A6 are performed in a similar manner 
as described above. However, in this embodiment, at block 
A5 the controller 84 responds to the failure in link L4 
being detected by monitor block 86 by a) configuring the 
switch 98 to cause input 98b to be coupled to input 94c of 
switch 94, b) configuring switch 94 to cause the input 94c 
to be coupled to the output of the switch 94, c) 
configuring switch 92 to cause the input of that switch to 
be coupled to the output 92c of the switch 92, and d) 
configuring switch 96 to cause that output 92c of switch 
92 to be coupled to output 96d of switch 96 (block A5 ) . 
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[0090] Also in this embodiment, at block A6 the 
controller 88 of node Nl configures the switches of node 
Nl (in response to either the monitor block 90 of node Nl 
detecting the failure in link L4 (in a case where at least 
outgoing paths from node Nl are monitored) or the 
controller 88 receiving a failure notification signal from 
the controller 84 of node N2 (in a case where incoming 
paths are monitored)) by a) configuring the switch 104 of 
the node Nl to cause the input of that switch to be 
coupled to the output 104c of that switch 104, b) 
configuring the switch 108 to cause the output 104c of 
switch 104 to be coupled to output 108d of the switch 108, 
c) configuring switch 106 to cause the input 106b of the 
switch 106 to be coupled to output 106c of the switch 106, 
and d) configuring switch 102 to cause the output 106c of 
switch 106 to be coupled to the output of the switch 102 
(block A6) . 

[0091] As a result of the switching operations performed 
at blocks A5 and A6, the failed link L4 is bypassed, and a 
backup communication path is established which forwards 
signals originating from terminal Tl, to the terminal T2 
(block A7 ) . The established backup communication path in 
this example includes the link L19 (Fig. 2), the 
components 54, 46, 50, 104, and 108 of node Nl (Fig. 5), 
the link L-4, switches 98, 94 and components 42, 38, and 
44 of node N2 (Fig. 3), and the link LIO (Fig. 2). 
Preferably, the switching operations of blocks A5 and A6 
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are performed in a manner which minimizes the amount of 
signal traffic lost as a result of the failure in the 
communication path L4 . 

[0092] The switching operations performed at blocks A5 
and A6 also establish a backup communication path for 
enabling signals to be forwarded from terminal T2 to 
terminal Tl. This backup communication path includes the 
link L9 (L-a of Fig. 3), the components 44, 36, 40, 92, 
and 96 of node N2 (Fig. 3), the link L-3, switches 106, 
102 and components 52, 48, and 54 of node Nl (Fig. 3), and 
the link L20 (Fig. 2 ) . 

[0093] At some time after the backup communication paths 
are established in block A7, it is assumed that the steps 
of blocks A9 (Fig. 4b) to All (Fig. 4c) are performed in a 
similar manner as was described above, except that at 
block All, after the secondary link L-4 fails (block A9 ) 
and after being notified by monitor block 86 that light 
has again detected in the failed link L4 at block AlO, the 
controller 84 of node N2 controls the switches 92, 94, 96, 
and 98 of that node N2 to again cause them to be placed in 
their initial configurations (block All). Later, at block 
A12, in response to receiving a notification from either 
the monitor block 90 of node Nl (in the embodiment where 
block 90 monitors outgoing links L4 and L-4) or the 
controller 84 of node N2 in the above-described manner, 
the controller 88 of the node Nl controls the switches 
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102, 104, 106, and 108 of that node Nl to again cause them 
to be placed in their initial configurations (block A12). 

[0094] As a result of the switching operations performed 
at blocks All and A12, the signals can again be forwarded 
from terminal Tl to terminal T2 by way of the node Nl, the 
link L4, and the node N2 , and signals can again be 
forwarded from terminal T2 to terminal Tl by way of the 
node N2, the link L3 , and the node Nl (block A13). 
Control then passes through connector (D) back to Fig. 4a, 
where the method continues in the manner described above. 

[0095] Referring again to Fig. 4a, an example of the 
manner in which the present embodiment of the invention 
operates in a case in which a failure occurs in a primary 
link and a corresponding secondary link will now be 
described. In this example, steps A5-a and A15-A17 (Fig. 
4d) are performed in a similar manner as described above 
with respect to Fig. 3, except that, as a result of the 
monitor block 86 of node N2 detecting failures in those 
ones of the links L4 and L-4 monitored by the block 86, 
and then notifying the controller 84 of node N2 of the 
failures at block A15, the controller 84 of the node N2 
then configures a) the switch 92 to cause the output 41 of 
amplifier 40 to be coupled to input 98a of switch 98, b) 
the switch 98 to cause the input 98a thereof to be coupled 
to output 98d of the switch 98, c) the switch 96 to cause 
the input 96b to be coupled to input 94b of switch 94 (via 
VOA 71'), and d) the switch 94 to cause the input 94b to 
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be coupled to input 42a of the amplifier 42 (and, in one 
einbodiment, the controller 84 also sends a notification 
signal indicating that links L4 and L-4 failed, to node Nl 
via previously described paths) (block A16). Also in this 
example, the controller 88 of node Nl configures (in 
response to receiving a notification regarding the link 
failures from either the monitor block 90 of node Nl or 
the node N2 ) a) the switch 108 of the node Nl to cause the 
input 108b to be coupled to output 108c, b) the switch 102 
to cause the output 108c of switch 108 to be coupled (via 
VOA 81') to input 52a of amplifier 52, c) the switch 104 
to cause the input of that switch 104 to be coupled to 
input 106a of switch 106, and d) the switch 106 to cause 
the input 106a to be coupled to output 106d (block A17). 

[0096] As a result of the switching operations performed 
at blocks A16 and A17, the failed links L4 and L-4 are 
bypassed, and backup communication paths are established 
to enable signals to be exchanged between the terminals Tl 
and T2 (block A18). A first one of the established backup 
communication paths forwards signals originating from node 
Nl to node N2, and includes the link L19 (Fig. 2), the 
components 54, 46, 50, 104, 106, 64, and 96 of node Nl, 
link L-1, node N3, link L-5, components 106, 64, 96, 71', 
94, 42, 38, and 44 of node N2, and the link LIO. A second 
one of the established backup communication paths enables 
signals originating from node N2 to be forwarded to node 
Nl, and includes the link L9 (Fig. 2), the components 44, 
36, 40, 92, 98, 66, and 108 of node N2 , link L-6, node N3, 
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link L-2, components 98, 66, 108, 81", 102, 52, 48, and 54 
of node Nl, and the link L20. 

[0097] Thereafter, the further steps of Fig. 4d are 
performed in a similar manner as described above, except 
that, in this embodiment, at block A21 the controller 84 
of node N2 controls the switches 92, 94, 96, and 98 of 
node N2 so as to place those switches in their initial 
configurations (block A21), and at block A22 the 
controller 88 of the node Nl (in response to either 
recognizing the link restoration or receiving a 
notification of link restoration from node N2 ) controls 
the switches 102, 104, 106, and 108 of that node Nl so as 
to place them in their initial configurations (block A22). 

[0098] As a result of the switching operations performed 
at blocks A21 and A22, the signals can again be forwarded 
from terminal Tl to terminal T2 by way of the node Nl, the 
link L4, and the node N2 , and signals can again be 
forwarded from terminal T2 to terminal Tl by way of the 
node N2 , the link L3, and the node Nl. Control then 
passes through connector (D) back to Fig. 4a, where the 
method continues in the above-described manner. 

[0099] An example of the manner in which the embodiment 
of Fig. 5 operates in a case where incoming communication 
paths of each node are monitored, and where a failure 
occurs in each of the links L3, L-3, L4, and L-4, will now 
be described. In this example, it is assumed that a 
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failure occurs in each of the primary links L3 and L4 and 
each of the secondary links L-3 and L-4 at block A5-a, and 
that, as a result, the failure in links L4 and L-4 is 
detected by the monitor block 86 of node N2 , and the 
failure in links L3 and L-3 is detected by the monitor 
block 90 of node Nl. Thereafter, control passes through 
connector (E) to block A15 of Fig. 4d, where the method 
then continues through block A22 in a similar manner as 
does the Fig. 3 embodiment described above for the case in 
which all of the links L3, L4, L-3, and L-4 fail. 
However, for the present embodiment depicted in Fig. 5, in 
addition to transmitting failure notification signals from 
the respective nodes N2 and Nl at blocks A16 and A17, 
respectively, the switching procedures performed in those 
nodes N2 and Nl at the respective blocks A16 and A17 are 
performed as in the previous example for those blocks to 
establish a first backup path from node Nl to node N2, 
through link L19 (Fig. 2), the components 54, 46, 50, 104, 
106, 64, and 96 of node Nl, link L-1, node N3, link L-5, 
components 106, 64, 96, 71', 94, 42, 38, and 44 of node 
N2, and the link LIO, and to establish a second backup 
path from node N2 to node Nl, through link L9 (Fig. 2), 
the components 44, 36, 40, 92, 98, 66, and 108 of node N2 , 
link L-6, node N3, link L-2, components 98, 66, 108, 81', 
102, 52, 48, and 54 of node Nl, and the link L20. 

[0100] Also in the present example, at block A21 the 
controller 84 of node N2 controls the switches 92, 94, 9^, 
and 98 of node N2 so as to place those switches in their 
initial configurations, and at block A22 the controller 88 
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of the node Nl controls the switches 102, 104, 106, and 
108 of that node Nl so as to place them in their initial 
configurations (block A22), wherein these steps are 
performed after both nodes Nl and N2 coinmunicate a failure 
notification signal to one another and, as a result, 
recognize that the failed links have been restored, in the 
above-described manner. 

[0101] It should be noted that, in one embodiment of the 
invention, the controller 84 of node N2 and the controller 
88 of node Nl configure the corresponding switches of 
those respective nodes in response to both 1) being 
notified of link failures or restoration by the respective 
monitor blocks 86 and 90, and 2) receiving a notification 
signal from the other node Nl, N2, respectively (i.e., an 
"AND" operation of those two events). 

[0102] Referring now to Fig. 7, a further embodiment of 
the invention will now be described. Fig. 7 is a block 
diagram of a node N" that is constructed in accordance 
with this embodiment of the invention, and which is 
coupled to terminal T through links L-a to L-d. The node 
N" comprises the same components as the node N' of Fig. 5, 
except that the node N" of Fig. 7 includes protection 
modules 56" and 58", instead of the modules 56' and 58". 
Also in this embodiment, the blocks (A) and (B) of Fig. 8 
represent the collective components 92 '-98', 71' and 102'- 
108', 81', respectively, of Fig. 7. 
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[0103] In accordance with this embodiment of the 
invention, the protection module 56" comprises a plurality 
of 1x2 optical switches 92', 94', 96', 98", local 
controller 84, monitor block 86, and variable optical 
attenuator 71'. Similarly, the protection module 58" 
preferably comprises a plurality of 1x2 optical switches 
102", 104", 106", and 108", local controller 88, monitor 
block 90, and variable optical attenuator 81'. 

[0104] The components 84, 86, 88, and 90 are similar to 
those described above, and thus will not be described in 
further detail. Each switch 92', 94', 96", and 98' of the 
module 56" is coupled to an output of the controller 84, 
and each switch 102', 104', 106', and 108' of module 58" 
is coupled to the controller 88, although, for 
convenience, this is not shown in Fig. 7. 

[0105] The switch 92' of module 56" has an input 92c' 
that is coupled to output 41 of amplifier 40 from OLT 32, 
an output 92a' that is coupled to link 70a, and an output 
92b' that is coupled to an input 98a' of switch 98'. 
Switch 94' has an output that is coupled to input 42a of 
amplifier 42 from OLT 32, an input 94a' that is coupled to 
link 72a, and an input 94b' that is coupled to an output 
of the VOA 71'. Switch 96' has an input 96c' that is 
coupled to communication path 64, an output 96b' that is 
coupled to an input of the VOA 71', and an output 96a' 
that is coupled to the link 70b. The switch 98' has, in 
addition to input 98a', an input 98b' that is coupled to 
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link 72b, and an output 98d' that is coupled to 
communication path 66. 

[0106] Referring now to the protection module 58", the 
switch 102' of that module 58" has an input 102a' that is 
coupled to link 82a, an input 102b' that is coupled to an 
output of VOA 81', and an output 102c' that is coupled to 
input 52a of amplifier 52 from OLT 34. Switch 104' has an 
input 104c' that is coupled to output 50a of amplifier 50 
from OLT 34, an output 104a' that is coupled to link 80a, 
and an output 104b' that is coupled to an input 106a' of 
switch 106'. The switch 106' has, in addition to input 
106a', an input 106b' that is coupled to link 82b, and an 
output 106c' that is coupled to communication path 64. 
Moreover, Switch 108' has an input 108a' that is coupled 
to communication path 66, an output 108c' that is coupled 
to link 80b, and an output 108b' that is coupled to an 
input of VOA 81 ' . 

[0107] Referring to the flow diagram of Fig. 6, in 
conjunction with Figs. 2 and 7, a method in accordance 
with this embodiment of the invention will now be 
described. At block Al ' the method is started, and it is 
assumed that the network 10 is operating in a normal 
operating mode wherein all of the network components are 
functioning properly. During this operating mode, light 
is detected in each of the monitored communication paths 
('N' at block A2') in the above-described manner (by node 
optical sensors monitoring selected ones of the paths). 
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and, as a result, the controller 84 of each node Nl, N2 , 
and N3 controls the corresponding switches 92", 94", 96', 
and 98' of the node so that each of those switches is 
maintained in initial configuration (block A2-a'). In 
this initial configuration, the input 92c' of switch 92' 
is coupled to the output 92a' of that switch 92', input 
94a' of switch 94' is coupled to the output 94c' of that 
switch 94', input 96c' of switch 96' is coupled to output 
96a' of the switch 96', and input 98b' of switch 98' is 
coupled to output 98d' of that switch 98". Also during 
this operating mode, the controller 88 of each node 
controls the switches 102', 104', 106', and 108' so as to 
maintain each switch in an initial configuration. In this 
initial configuration, the input 102a' of switch 102' is 
coupled to the output 102c' of that switch 102', the input 
104c' of switch 104' is coupled to output 104a' of that 
switch 104', input 106b' of switch 106' is coupled to 
output 106c' of switch 106', and input 108a' of switch 
108' is coupled to output 108c' of that switch 108'. It 
also is assumed that signals are being provided from 
terminal Tl to terminal T2 by way of the link L19, the OLT 
34 and switch 104' of node Nl, the communication link L4, 
switch 94' and OLT 32 of node N2, and the link LIO. 

[0108] At some time later, it is assumed that a failure 
occurs in a primary link coupled between the nodes Nl and 
N2, such as, for example, the primary link L4 ('Y' at 
block A2 ' ) , and that, as a result, the steps of blocks 
A3', A5 ' , and A6 ' are performed. In this example, the 
step of block A3 ' is preferably performed in a similar 
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manner as the step of block A3 of Fig. 4a described above, 
and the steps of blocks A5 ' and A6 ' are preferably 
performed in a similar manner as the steps of blocks A5 
and A6 (Fig. 4b), respectively, described above, except 
that at block A5 ' of Fig. 6, the controller 84 of node N2 
configures a) the switch 92' of that node to cause the 
input 92c' of switch 92' to be coupled to output 92b' of 
the switch 92", b) the switch 98' to cause the input 98a' 
of the switch 98' to be coupled to output 98d' of the 
switch 98', c) the switch 96' to cause the input 96c' to 
be coupled to output 96b', and d) the switch 94' to cause 
the input 94b' to be coupled to output 94c' of the switch 
94 ' (block A5 ' ) . 

[0109] Also, at block A6 ' , the controller 88 of node Nl 
configures a) the switch 108' of the node Nl to cause the 
input 108a' to be coupled to output 108b', b) the switch 
102" to cause the input 102b' of switch 102' to be coupled 
to output 102c', c) the switch 104' to cause the input 
104c' of that switch 104' to be coupled to output 104b', 
and d) the switch 106' to cause the input 106a' to be 
coupled to output 106c' of that switch 106' (block A6 ' ) . 

[0110] As a result of the switching operations performed 
at blocks A5' and A6 ' , the failed link L4 is bypassed, and 
alternate communication paths are established for enabling 
signals to be exchanged between the terminals Tl and T2 
(block A7 ' ) . A first one of the established backup 
communication paths forwards signals originating from node 
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Nl to node N2 , and includes the link L19 (Fig. 2), the 
components 54, 46, 50, 104', 106", 64, and 96' of node Nl, 
link L-1, node N3, link L-5, components 106', 64, 96", 
71', 94', 42, 38, and 44 of node N2, and the link LlO. A 
second one of the established backup communication paths 
enables signals originating from node N2 to be forwarded 
to node Nl, and includes the link L9 (Fig. 2), the 
components 44, 36, 40, 92', 98', 66, and 108' of node N2 , 
link L-6, node N3 , link L-2, components 98', 66, 108', 
81', 102', 52, 48, and 54 of node Nl, and the link L20. 

[0111] At some time later, it is assumed that the failed 
link L4 is repaired, and that, as a result, steps A19'- 
A22' are performed. Preferably, those steps are performed 
in a similar manner as steps A19-A22, respectively, 
described above, except that, in this embodiment, at block 
A21' the controller 84 of node N2 controls the switches 
92', 94', 96', and 98' of the node N2 so as to again place 
those switches in their initial configurations (block 
A21'), and at block A22', the controller 88 of the node Nl 
controls the switches 102', 104', 106', and 108' of that 
node Nl so as to again place them in their initial 
configurations (block A22'). 

[0112] As a result of the switching operations performed 
at blocks A21' and A22 ' , the signals can again be 
forwarded from terminal Tl to terminal T2 by way of the 
node Nl, the link L4, and the node N2, and signals can 
again be forwarded from terminal T2 to terminal Tl by way 
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of the node N2, the link L3, and the node Nl. Control 
then passes back to block A2 ' , where the method continues 
in the above-described manner. 

[0113] It should be noted that, in the embodiments 
depicted in Figs. 3, 5, and 7, the above-described 
switching operations implemented in node Nl may be 
performed in response to either the monitor block 90 of 
the node Nl detecting the absence (or presence, in the 
case of a repaired link) of light in one or more 
corresponding communication paths, or in response to the 
controller of the node Nl receiving a notification signal 
from node N2 in the above-described manner. 

[0114] Also, although the invention has been described 
above in the context of the various switching operations 
being implemented in response to a detection of a failure 
in either a primary link, a primary and a secondary link, 
or all of the communication links coupled between the 
adjacent nodes Nl and N2, it also is within the scope of 
this invention to implement suitable switching operations 
in response to a detection of failures in other 
combinations of communication paths, in a manner as would 
be readily apparent to one skilled in the art in view of 
this description. For example, in a case where incoming 
communication paths to each node of Fig. 7 are monitored, 
and where a failure occurs in each of the links L3, L-3 , 
L4, and L-4, procedures similar to those performed for the 
Fig. 5 embodiment described above (for such a case) are 
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performed, except that in the Fig. 7 embodiment, the 
switching procedures establish a first backup 
communication path from node Nl to node N2, through the 
link L19 (Fig. 2), the components 54, 46, 50, 104", 106', 
64, and 96' of node Nl, link L-1, node N3, link L-5, 
components 106", 64, 96', 71', 94', 42, 38, and 44 of node 
N2, and the link LlO, and a second backup coinmunication 
path from node N2 to node Nl, through the link L9 (Fig. 
2), the components 44, 36, 40, 92', 98", 66, and 108' of 
node N2, link L-6, node N3 , link L-2, components 98', 66, 
108', 81', 102", 52, 48, and 54 of node Nl, and the link 
L20. Other predetermined switching operations may also be 
implemented in response to a failure being detected in one 
or more other predetermined links, depending on applicable 
design criteria. 

[0115] Also, although the invention has been described in 
the context of the employing the secondary paths (after a 
primary communication path failure) as working paths until 
the previously-failed primary path is repaired and a 
failure is detected in the secondary paths, it also is 
within the scope of this invention to implement switching 
control operations for switching back to the primary path 
immediately upon the repair of the primary paths , and to 
account for any race conditions during those and the other 
switching operations described above, in a manner as would 
be readily apparent to one skilled in the art in view of 
this description. 
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[0116] It also should be noted that although the 
invention has been described in the context of there being 
three terminals Tl, T2 , and T3 and three nodes NX, N2 , and 
N3 included in the network 10, more or less than those 
numbers of terminals and nodes may also be provided, and, 
as one skilled in the art would appreciate in view of this 
description, the number of primary and secondary 
communication links employed in the network 10 and the 
particular switching arrangements employed in the nodes 
may be modified as deemed suitable to accommodate those 
numbers of terminals and nodes . 

[0117] Moreover, although the invention has been 
described above in the context of (a) the controllers 84 
and 88 being located within the protection modules 56, 
56", 56" and 58, 58", 58", respectively, (b) the nodes Nl, 
N2, and N3 including the OLTs 32 and 34, and (c) the 
protection modules 56, 56', 56", 58, 58", and 58" being 
external to the OLTs 32, 34, the invention is not limited 
to only such configurations. By example, in other 
embodiments the controllers 84, 88 may be located in other 
portions of the respective nodes, the nodes Nl, N2, and N3 
each may comprise an optical add/drop multiplexer instead 
of the OLTs 32, 34 (for performing the multiplexing and 
demultiplexing operations carried out by OLTs 32 and 34), 
and/or the protection modules 56, 56", 56" and 58, 58', 
58" may be integral portions of the OLTs 32 and 34, 
respectively (or of the add/drop 

multiplexers/demultiplexers). Also, the number and 
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location of the VOAs and transponders in the individual 
nodes Nl, N2, and N3 may differ from those shown in Figs. 
3, 5, and 7, depending on applicable design criteria. For 
example, the VOA 71' of Fig. 5 may be interposed between 
the switch 94 and amplifier 42, and the VOA 81" may be 
interposed between the switch 102 and amplifier 52, rather 
than as shown in Fig. 5, and a similar arrangement also 
may be provided in the embodiment of Fig. 7. Also by 
example, in other embodiments, only a single transponder 
44 or 54 need be employed in the nodes, depending on 
whether traffic is being forwarded to and from only one of 
the OLTs of the node. 

[0118] It also should be noted that, as pointed out 
above, the control operations employed in the embodiments 
of this invention may be performed such that the 
controller of each node automatically notifies other 
selected nodes when a link failure/restoration is detected 
in a link coupled to that node, and so that the 
controllers of those nodes which receive the notification 
signal switch to other suitable link(s) in response to 
either the receipt of that notification signal or the 
detection within those nodes themselves of the link 
failure/restoration, whichever occurs first. That is, the 
controller of each node may be programmed to operate by 
configuring switches in response to receiving a either 
notification signal from a monitor block within the same 
node, a notification signal from another node, or both. 
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[0119] Also, it should be noted that although the 
invention is described in the context of the various 
switches being configured in response to either a 
detection being made by a monitor block 86, 90, a signal 
being received from another node, or both, those switches 
may be configured in response to other suitable triggering 
events. As an example, it also is within the scope of 
this invention to configure the switches in response to a 
user entering configuration command information into one 
or more of the controllers 84, 88, using a suitable user 
interface (not shown). It is also within the scope of 
this invention to employ the optical sensors (monitor 
blocks) outside of one or more of the nodes Nl, N2 , N3 for 
detecting failures in, for example, the various links, or 
to include sensor (s) in only selected ones of the nodes. 

[0120] The foregoing embodiments of the invention provide 
protection against component failures in the network 10, 
without requiring the use of extra, cost- (and noise) 
contributing amplifiers in the protection communication 
paths (although, if desired, such amplifiers may be used 
in the various embodiments of the invention to compensate 
for any low signal losses that may occur in the nodes.) 
Also, because the protection communication paths are 
included in the individual nodes Nl, N2 , and N3 (e.g., 
paths 64 and 66), any signal bandwidth reduction and 
overall signal losses that may occur during a backup 
switching arrangement are minimized (e.g., for a case in 
which two switches and connectors are employed, protection 
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losses are less than 3dB, and during a "loopback" 
protection configuration in which 1X3 switches are used, 
an additional IdB loss may occur, resulting in there being 
a loss of 2(X+1) dB in a ring network comprising X nodes). 
Moreover, since protection switching is performed within 
nodes that are adjacent to failed communication links, and 
switches within other nodes of the network remain in a 
passthrough configuration during such switching 
operations, it is not necessary to perform any switching 
control operations in the passthrough nodes during such 
failures. Furthermore, the optical ring network 10 
provides a more economical solution to the problem of 
protecting against network component failures than is 
provided by, for example, diverse point-to-point (1+1 or 
1:1) facility protection systems, since the ring network 
itself provides diverse routing. 

[0121] In other embodiments of this invention, and where 
desired, suitable types of switches and switching 
arrangements may also be employed to provide global node 
coordination to enable extra or low priority signal 
traffic to be supported by the protection communication 
paths during normal network operating conditions (e.g., 
during times when there are no component failures). The 
inclusion of low priority traffic on the protection path 
may require switching actions at node(s) that are non- 
adjacent to the node in which a failure occurs. 
Sufficient information to support such actions is readily 
available from controllers and monitors detecting 
failures . 
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[0122] It also is within the scope of this invention to 
employ one or more "mini-nodes" coupled in the 
communication paths between nodes Nl, N2, and N3. For 
example, such mini-nodes preferably comprise optical 
sensors for detecting link failures, a controller for 
notifying appropriate ones of the nodes Nl, N2 , and N3, of 
those failures, and switches which operate under the 
control of the controller for switching over to non-failed 
links in response to the detected failure(s). Such mini- 
nodes advantageously can identify which side of the mini- 
nodes the link failures occur in, for notifying the nodes 
Nl, N2, and N3 thereof, and are especially useful in cases 
in which links spanning between adjacent nodes Nl, N2 , and 
N3 are especially long. 

[0123] While the invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that changes in form and details may be made therein 
without departing from the scope and spirit of the 
invention. 



